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ABSTRACT 
The adsorption system is one of the promising 
solar thermal refrigeration methods, and it is 
environmentally friendly along with low cost and 
low maintenance requirements solar 
refrigeration is highly dependent. The solar 
powered refrigeration system is non-consuming 
any electricity they are also noiseless, non-
corrosive and environmentally friendly. This 
improves the efficiency of the system various 
solar powered cooling systems have been tested 
extensively; however, these systems are not yet 
ready to compete with the well-known vapour 
compression system. 
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INTRODUCTION 
 
India is endowed with abundant sunshine 
and receives on average 365 days of radiant energy 
per year, nevertheless, 35 % of its people still live in 
rural areas without electricity. With an average daily 
dose of between five and seven kilowatts hour 
(kWh) for every square metre, India has more 
potential for producing energy from the sun than 
almost anywhere on Earth. Yet the continent 
accounts for only a small percentage of the world's 
solar energy output. this will be useful for farmers. 
the one way to consume the electricity by means of 
solar refrigeration system.  
 
LITERATURE REVIEW 
 
Zhai and Wang et al. [4] designed a solar 
adsorption cooling system which can be switched 
between a system with heat storage and a system 
without heat storage. Furthermore, experiments 
were carried out to compare the operating 
characteristics of the system under these two 
operating modes. 
Solmus et al. [5] investigated 
experimentally the adsorption capacity of water on 
natural zeolite at several zeolite temperatures and 
water vapor pressures for adsorption and desorption 
processes. Mateus and Oliveira et al. [6] evaluated 
the potential of integrated solar absorption cooling 
and heating systems for building applications. 
Huizhong Z. et al. [7] stated that solar 
adsorption refrigeration machine constitutes a very 
attractive solution for both industrial waste heat 
recovery as well as the exploitation of renewable 
energy. It enables the realization of refrigeration 
cycles that make use of the characteristic of sorbents 
for which the adsorption ability varies with 
temperature and pressure. The heat transfer in the 
adsorbed is poor and influences strongly the 
performance of the system. 
 
THEORY 
Problem Definition 
 
The aim of this study is to design, construct 
and evaluate a solar assisted adsorption cooling 
machine for Indian conditions. The study also 
compares cost effectiveness of the solar powered 
machine to the conventional vapour compression 
machine so that the best option can 34 be chosen. 
The machine should be able to cool down 10 litres 
of water from 30oC down to 5oC in 24 hours. 
 
THE SUB-PROBLEMS 
 
The main problem stated above is solved 
by breaking it down into the following sub 
problems: 
Sub Problem 1 
 
To investigate the feasibility of pairing 
silica gel and water with reference to adsorption 
capabilities in order to find scope for development 
of a solar assisted fridge. 
 
Sub Problem 2 
 
To investigate the design parameters of the 
solar fridge components, these being the adsorbed, 
condenser and evaporator. 
 
Sub Problem 3 
 
To integrate and evaluate fridge design 
parameters for cost effectiveness and user-
friendliness during development of the solar fridge.  
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THE HYPOTHESES 
Hypothesis 1 
 
The adsorber, operating with silica gel and 
water, and the condenser and evaporator can be 
designed and developed to effect cooling. 
Hypothesis 2 
 
The cost effectiveness of the solar 
adsorption fridge is competitive when compared 
with the vapour compression system when all 
elements of fridge design are integrated. 
  
 
Figure 1: Experimental set up. 
 
METHODOLOGY 
1 – Adsorber  
2 – Thermocouples  
3 – Data collector  
4 – Computer 
5– Condenser  
6 – Pressure sensors  
7 – Evaporator box V1 to V4 – valves 
 
 
Figure 2: Valve Arrangement. 
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Table 1: Procedure for Operating the Fridge. 
Time Valve 1 Valve 1 Valve 1 Process 
08.00 Close Close Close Heat Adsorbent 
11.00 Close Open Close Heat Adsorbent : Condensation 
19.00 – 07.00 Open Close Open 
Evaporation: Cooling. 
One Cycle 
 
THE EXPERIMENTAL PROCEDURE 
 
The tests were carried out at the 
Department of Mechanical Engineering, PVPIT, 
Bavdhan, Pune at 25˚44' latitude and 28˚11' 
longitude. The adsorber was facing north and tilted 
at 30˚ to the horizontal. Figure 4.2 below illustrates 
the valve arrangement for the test rig. Prior to the 
experimentation, a preliminary test was carried out 
to verify the system performance and fix all 
undesirable problems. Leakages were located and 
fixed. The experiment was run according to the 
procedure as set out in table 4.1 and the explanation 
below: 
 
 
Figure 3: Photograph Experimental set up. 
 
RESULT 
 
The performance of the adsorption cooling 
machine was evaluated in terms of useful heat 
delivered to the adsorber, thermal efficiency, 
evaporation and condensation temperatures. 
 
Assumed Load and Values 
 
1) Load      : water.  
2) Quantity  : 10 liters.  
3) Entry temperature: 35oC.  
4) Exit temperature: 7oC.  
5) Duration  : 12 hours, from 6 pm to 6 am. 
 
Table 2: Specific Heat Capacities for Common 
Liquids. 
Product Specific heat capacity (kJ/kg.K) 
Milk 3.93 
Fresh Water 4.19 
 
To cool 10 liters of water from 35˚C to 7˚C, heat 
removed (Qev) is given by: 
Qev = Mw x Cpw x (𝐓𝐢 - 𝐓𝟎)  (3.3.2)  
Where, 
Mw = mass of water (10 kg).  
Cpw = specific heat capacity for water (4.19 
kJ/kg.K).  
Qev = 10x 4.19 x (35 - 7) x 103  
= 1.1732 MJ.  
 
The total load on the refrigerator ( Qrefr ) is 
therefore =  Heat required to cool water + Heat due 
to air infiltration + Heat leaking in through cabinet 
walls. 
  
Qrefr = 1.1732 +0.0053 + 1.169  
= 2.3475 MJ.  
 
But cooling period is from 6 P.M to 6 A.M or 12 
hours. In 12 hours,  
Qrefr  = (2.3472x𝟏𝟎𝟔) / (12x3600) 
 = 54.33W 
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Figure 4: Total load on the refrigerator. 
 
CONCLUSION 
 
• The natural cooling arrangement was 
sufficient. Condensing temperature averaged at 
35 oC.  
• The cold box temperature increased over 10 °C 
and up to 35 °C during the day phase, thus the 
aim of maintaining low temperatures in the 
chamber was not attained.  
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